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A cellular protein that co-purifies with mycoviral dsRNA was isolated from the plant pathogenic fungus Helminthosporium
victoriae (telomorph: Cochliobolus victoriae) infected with two viruses, the totivirus Helminthosporium victoriae 190S virus
and the chrysovirus-like Helminthosporium victoriae 145S virus (Hv145SV). The cellular protein, which was, designated
Hv-p68, accumulated to higher levels in virus-infected isolates compared to virus-free ones. The majority of the Hv145S
dsRNAs were found in association with Hv-p68 and not packaged in virions. Hv-p68 could also be detected as a minor
component of the virus capsid. Evidence is presented that Hv-p68 occurs in vivo as an octamer and that it possesses
RNA-binding activities. Based on partial amino acid sequence analysis, Hv-p68 was shown to share significant sequence
identity with alcohol oxidases from methylotrophic yeasts. Hv-p68 is proposed to play a role in viral RNA packaging/
replication and in regulating viral pathogenesis. © 2000 Academic PressINTRODUCTION
Two isometric viruses with dsRNA genomes, desig-
nated according to their sedimentation values as the
Helminthosporium victoriae 190S virus (Hv190SV) and
Helminthosporium victoriae 145S virus (Hv145SV), have
been isolated from the plant pathogenic fungus Hel-
minthosporium victoriae (Sanderlin and Ghabrial, 1978).
While the Hv190SV has been well characterized bio-
chemically and at the molecular level (Ghabrial et al.,
1987; Ghabrial and Havens, 1989, 1992; Huang and
Ghabrial, 1996; Huang et al., 1997; Soldevila et al., 1998;
Soldevila and Ghabrial, 2000), the Hv145SV has only
been subjected to limited biochemical characterization
(Sanderlin and Ghabrial, 1978). Hv190SV has been clas-
sified as a definitive member of the genus Totivirus in the
family Totiviridae (Ghabrial, 1994, Ghabrial et al., 1995b).
ecause of similarity in size of dsRNA segments be-
ween the Hv145SV and the Penicillium chrysogenum
irus (PcV), type member of the genus Chrysovirus in the
amily Partitiviridae, the Hv145SV was tentatively classi-
ied as a member of the genus Chrysovirus (Ghabrial et
al., 1995a).
The inconsistency in obtaining sufficient purified
Hv145S virions that are free of the Hv190S virions has
been a problem for better characterization of the
Hv145SV. In the course of our studies to improve the
1 A. Soldevila and W. M. Havens contributed equally to this work.
2 To whom reprint requests should be addressed at Department of
Plant Pathology, University of Kentucky, S-305 Agriculture Science
Building, Lexington, KY 40546-0091. Fax: (606) 323-1961. E-mail:
saghab00@ukcc.uky.edu.
183yields of the Hv145S virions and dsRNAs, we have re-
cently discovered that the bulk of the Hv145S dsRNAs
co-purify with a cellular protein and that the combination
of host protein–dsRNA is resolved as a distinct top com-
ponent by sucrose density gradient centrifugation of par-
tially purified virus preparations (this study). In this com-
munication, we report on the isolation and characteriza-
tion of this cellular protein, designated as H. victoriae
p68 (Hv-p68). We show that the majority of the Hv145S
dsRNAs are found in association with Hv-p68 and that
Hv-p68 is overexpressed in virus-infected fungal iso-
lates. Based on partial amino acid sequence analysis of
Hv-p68, we demonstrate that it shares high sequence
similarity to alcohol oxidases from methylotrophic
yeasts. Furthermore, we present evidence that Hv-p68
occurs in vivo as an octamer and that it possesses
RNA-binding activities. The possible role(s) of Hv-p68 in
the virus life cycle is discussed.
RESULTS
The majority of the 145S dsRNAs co-purify with a
host protein, Hv-p68
In our attempt to account for the inability to obtain
good yields of purified Hv145SV virions from diseased
isolates of Helminthosporium victoriae, known to contain
both the Hv190S and Hv145S dsRNAs, we compared the
dsRNA content of partially purified virus preparations
prior to the sucrose gradient step with that extracted
from gradient-purified Hv190SV and Hv145V sedimenting
components. The results indicated that the gradient-
purified virions predominantly packaged the 190S dsRNA
(Fig. 1A), whereas the partially purified preparation con-
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184 SOLDEVILA, HAVENS, AND GHABRIALtained similar amounts of each of the 190S and 145S
dsRNAs (Fig. 1B). This finding prompted us to examine
the individual gradient fractions for their dsRNA and
protein contents. As we have previously reported, puri-
fied virus preparations from H. victoriae are resolved into
several sedimenting components when subjected to su-
crose-density gradients (Fig. 2; see also Sanderlin and
Ghabrial, 1978; Ghabrial and Havens, 1992). These in-
clude the Hv190S-1 and Hv190S-2 components (Fig. 2,
fractions 4 and 5, respectively), the Hv145SV and the
FIG. 1. Comparison of dsRNA profiles in virus preparations at differ-
ent stages in purification. Agarose gel electrophoresis of dsRNA iso-
lated from gradient-purified virions (A; Hv190SV plus Hv145SV) and
sample from the same virus preparation but processed prior to the
gradient step (B).
FIG. 2. Sucrose-density gradient profile of a purified virus preparation
rotein (SDS–PAGE) and dsRNA (agarose gel electrophoresis). Capsid
ucrose-density gradient fractions 2–5. Top component (Tc, fraction 1)
estimated by SDS–PAGE. Agarose gel electrophoresis of the nucleic-ac
dsRNAs as well as in low-molecular-size RNA, presumably t-RNA. The 5.2-kb d
amounts of the Hv145V dsRNAs were visible in fraction 3. The 113S sedimen113S component containing empty capsids (Fig. 2, frac-
tions 3 and 2, respectively). A top component (Tc or
fraction 1, Fig. 2) that sediments near the meniscus of the
gradient has not been examined in the previous studies.
SDS–PAGE analysis of the Tc revealed a single major
protein of estimated molecular mass of 68 kDa. The
protein was subsequently determined to be of cellular
origin (see below) and was designated Hv-p68. Interest-
ingly, agarose gel electrophoresis of the nucleic acids
associated with the Tc showed that it was enriched in the
Hv145S dsRNAs. In addition, the Tc contained small
amounts of the Hv190S dsRNA and substantial amounts
of low-molecular-size RNA, presumably fungal t-RNA.
Northern hybridization using cloned cDNA probes to the
dsRNAs (data not shown) confirmed the identities of the
190S and 145S dsRNAs. The association of viral dsRNA
with Hv-p68 was detectable in all virus preparations
processed to date by density gradient centrifugation
($10 experiments).
The protein and dsRNA contents of the 113S, 145S,
and 190S-1 and 190S-2 sedimenting components were
as predicted (Sanderlin and Ghabrial, 1978; Ghabrial and
Havens, 1992). The polypeptides p88, p83, and p78, typ-
ical of the Hv190SV capsids were detected in fractions
2–5. The 113S sedimenting component (fraction 2) con-
tained empty capsids of the Hv190SV. The capsids of the
Hv145SV are not well characterized; the major proteins
detected by SDS–PAGE in fraction 3 (Fig. 2; see also Fig.
. victoriae isolate A-9. Each of the gradient fractions was analyzed for
ptides (p88, p83, and p78) typical of Hv190SV virions were detected in
s a single major protein with molecular mass of 68 kDa (Hv-p68), as
ociated with fraction 1 (Tc fraction) revealed it was enriched in the 145Sfrom H
polype
contain
ids ass
sRNA from Hv 190SV particles was detected in fractions 4 and 5. Small
ting component (fraction 2) is composed of empty capsids of Hv90SV.
pty cap
CP (an
185CELLULAR PROTEIN CO-PURIFIES WITH MYCOVIRAL dsRNA3) are those typical of the Hv190S virions (p78, p83, and
p88). Although the preparation shown in Fig. 2 had a very
low content of the Hv145SV, fraction 3 typically contains
the four 145S dsRNAs ranging in size from 2.8 to 3.6 kb
(Fig. 1). The Hv190S virions (190S-1 and 190S-2 compo-
nents; Fig. 2, fractions 4 and 5, respectively) contained a
single dsRNA (5.2 kb) corresponding to the genomic
dsRNA.
Examination of overloaded Coomassie-stained SDS–
PAGE gels of the gradient-purified fractions from a puri-
fied virion preparation revealed that Hv-p68 could be
detected as a minor component of the capsid (Fig. 3A).
FIG. 3. Detection of virion-associated Hv-p68. (A) Coomassie-staine
(isolate A-9) virion preparation including the top component (Tc), the em
of the same gradient fractions were probed with antisera to Hv190SV
FIG. 4. Multimeric conformation of Hv-p68. (A) Size-exclusion chroma
1 from sucrose-density centrifugation; Fig. 2) was subjected to high-p
estimated to be ;550 kDa in size corresponding to an octamer. Size est
standards. Molecular size protein standards are: bovine serum album
microscopic examination of a purified Hv-p68 preparation. The Individual molec
depending on their orientation, and confirming their octameric subunit modelThis was confirmed by Western blotting analysis using
antisera specific to Hv-p68 and to Hv190SV CP (Fig. 3B).
The Hv-p68 protein occurs in vivo as an octamer
A molecular mass estimate of 550 kDa was obtained
when a gradient-purified Hv-p68 preparation was sub-
jected to high performance size-exclusion chromatogra-
phy (Fig. 4A). Based on a molecular mass of 68 kDa, as
determined by SDS–PAGE, the native-size estimate of
550 kDa suggested an octameric conformation for
Hv-p68. The oligomeric arrangement of Hv-p68 was con-
polyacrylamide gel of gradient-purified fractions from an H. victoriae
sid 113S fraction and the Hv145S and Hv190S virions. (B) Western blots
ti-CP) and to Hv-p68 (anti-p68).
hy of the purified Hv-p68 preparation. The top component (Tc, fraction
nce liquid chromatography on a size exclusion column. Hv-p68 was
for Hv-p68 were based on a plot of retention times (R t) vs size of protein
, 66 kDa (monomer); aldolase, 158 kDa; ferritin, 440 kDa. (B) Electrond SDS–tograp
erforma
imates
in, BSAules appear in the electron micrograph either as tetrad or bisectioned,
. Bar 5 40 nm.
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186 SOLDEVILA, HAVENS, AND GHABRIALfirmed by electron microscopic examination, which re-
vealed the presence of octad aggregates of ;15–20 nm
in diameter comprised of two tetragons face to face (Fig.
4B). The combined results of SDS–PAGE, size exclusion
chromatography and electron microscopy strongly sug-
gest that Hv-p68 is present in vivo as an oligomeric
protein consisting of eight identical subunits.
Hv-p68 has significant sequence similarity to alcohol
oxidases
The N terminus of Hv-p68 is apparently unblocked
because it was possible to generate amino acid se-
quence (a short stretch of 10 amino acids; TIPDEVXIIX,
where X 5 an ambiguous amino acid) for the N terminus
of Hv-p68 by Edman degradation. An internal peptide
was generated by tryptic digestion of purified Hv-p68 and
sequenced. The sequence determined for the N-terminal
17 amino acid residues of the internal peptide is shown
in Fig. 5. The amino acid sequences derived from Hv-p68
were used to conduct database sequence homology
searches using the FASTA and BLAST programs (Pear-
son and Lipman, 1988). No matches were found for the N
FIG. 5. Partial amino acid sequence of Hv-p68 and sequence simi-
arity to alcohol oxidases from methylotrophic yeasts. (A) The amino
cid sequences generated by Edman degradation for the N terminus
10 amino acids; X 5 ambiguous amino acid) and for a 17 N-terminal
mino acids of an internal tryptic peptide are shown. (B) Results of
ASTA homology search for the 17 amino acids derived from the tryptic
eptide showed 53–65% identity (76–82% similarity) to several alcohol
xidases (GenBank Accession numbers for the alcohol oxidases are
iven in parentheses) from methylotrophic yeasts (Pp, Pichia pastoris;
m, Pichia methanolica; Pa, Pichia angusta). The amino acid positions
f the first and last amino acids of the 17-amino acid overlap are
ndicated. AOX1 and AOX2, alcohol oxidase 1 and 2; MOX, methanol
xidase.terminus peptide. On the other hand, searches with the
internal peptide sequence indicated significant se-
c
iquence identity of 53–65% (sequence similarity of 76–
82%) to alcohol oxidases of methylotrophic yeasts over a
17-amino-acid region (Fig. 5).
Hv-p68 accumulates to higher levels in virus-infected
H. victoriae isolates
We compared three isolates of H. victoriae for their
Hv-p68 content. In addition to the diseased isolate A-9
known to contain both Hv190SV and Hv145SV (Fig. 6), the
naturally occurring virus-free isolate 408 and the virus-
cured isolate B-2ss were included. Both the 408 and
B-2ss cultures showed normal colony morphology and
were confirmed to be virus-free by Northern hybridization
analysis of total RNA using cloned cDNA probes to
Hv190SV and Hv145SV dsRNAs (Fig. 6). Using Western
blotting analysis, we tested whether Hv-p68 may be
differentially expressed, at the protein level, in virus-
infected and noninfected isolates of H. victoriae. The
polyclonal antibodies we generated against Hv-p68 were
highly specific and showed no cross reactivity toward
the viral capsid proteins, p88, p83, and p78 (Fig. 3).
Gradient-purified Hv-p68, prepared from equivalent
amounts of mycelia from the three isolates, was ana-
lyzed by Western blotting. The results shown in Fig. 7
indicated that the amounts of Hv-p68 detected in the
virus-infected isolate A-9 were at least three- to fivefold
higher (based on the intensities of the bands detected in
the Western blots) than those from the virus-free isolates.
Similar results were obtained with the virus-infected iso-
late Hv 26 (containing both Hv190SV and Hv145SV) as
the Hv-p68 content of isolate Hv 26 was 5- to 10-fold
higher than that of the virus-free isolates (data not
shown).
FIG. 6. Northern blot analysis of dsRNA preparations from three
isolates of H. victoriae. Total RNA from three fungal isolates (408, B-2ss,
and A-9) were processed for dsRNA isolation and the resultant RNA
preparations were analyzed on a 1.2% agarose gel. The RNAs were
transferred to Hybond membranes and the blots were hybridized with
a-32P-labeled probes generated from cloned cDNAs corresponding to
he Hv190SV dsRNA and the Hv145SV dsRNAs. Double-stranded RNAs
orresponding to those of Hv190SV and Hv145SV were only detectable
n cultures of isolate A-9.
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187CELLULAR PROTEIN CO-PURIFIES WITH MYCOVIRAL dsRNAHv-p68 has an RNA-binding activity
Co-purification of viral dsRNAs with Hv-p68 as a dis-
tinct fraction in sucrose-density gradients strongly sug-
gested a protein–RNA interaction. Hv-p68 was examined
for RNA-binding activity by gel-retardation analysis of its
binding to 32P end-labeled 190S and 145S dsRNAs. When
the 32P-labeled dsRNA was incubated with increasing
mounts of Hv-p68 followed by agarose gel electro-
horesis, a band of free dsRNA and a band of retarded
sRNA (RNA–protein complex) were detected at the
ower protein concentrations. However, at higher protein
oncentrations, only the band of retarded dsRNA was
bserved (Fig. 8A). Retardation of the radiolabeled RNA
as not detected when binding reactions containing
ovine serum albumin in place of Hv-p68 were used
data not shown). To determine the specificity of dsRNA
inding to Hv-p68, an excess amount of unlabeled nu-
leic acids was added as competitors in the binding
eactions for gel-retardation assays. dsRNA, ssRNA, and
east t-RNA were tested for their ability to displace bind-
ng of Hv-p68 to the radiolabeled dsRNA. As shown in
ig. 8B, a fivefold molar excess of the unlabeled viral
sRNAs completely displaced binding to the probe. Ad-
ition of a 10-fold molar excess of the comovirus Bean
od mottle virus ssRNA (RNA 1, 5995 nt; RNA 2, 3662 nt)
o the standard binding reaction was as effective as the
90S/145S dsRNA in abolishing binding. Yeast t-RNA
as not as effective in displacing Hv-p68 binding to the
robe. Even at 250-fold molar excess, yeast t-RNA only
artially competed with binding to the dsRNA probe.
v-p68, however, does show some affinity toward t-RNA,
nd possibly Hv-p68 binding to t-RNA does occur in vivo
s may be deduced from the observation that putative
ungal t-RNA was found associated with the Hv-p68-
FIG. 7. Accumulation of Hv-p68 in virus-infected isolates of H. victo-
riae. The Hv-p68 content of virus-free (408 and B-2ss) and virus-
infected (A-9) fungal isolates were compared by Western blotting using
polyclonal antibodies to Hv-p68. Purified Hv-p68 from equivalent
amounts of mycelia from the three isolates were analyzed by SDS–
PAGE (Coomassie-stained gels), transferred to an Immobilon mem-
brane and the blot was probed with anti-p68 antibodies (anti-p68).ontaining fraction from sucrose gradients (Fig. 2). Re-
ardation of the radiolabel was completely attributable to
P
bhe binding of the probe to Hv-p68 and not to binding of
nincorporated radiolabeled nucleotides since addition
f RNase-A (10 mg/ml) to parallel binding reactions abol-
ished detection of both the free and retarded radiola-
beled dsRNA.
DISCUSSION
We have isolated a cellular protein, Hv-p68, that copu-
rifies with viral dsRNA from virus-infected H. victoriae
and have shown that it possesses RNA-binding activity. It
has recently become increasingly clear that cellular fac-
tors play important roles in the transcription and replica-
tion of RNA viruses (for a review, see Lai, 1998). The
genomes of fungal viruses in the families Totiviridae and
artitiviridae are of very limited sizes; probably the min-
mal required to be designated as true viruses. They are
omposed of two genes that encode a capsid protein
CP) and an RNA-dependent RNA polymerase (RDRP).
he CP and RDRP genes are either present on the same
sRNA molecule (totiviruses) or on separate dsRNA seg-
ents (partitiviruses). It is thus not surprising that these
iruses subvert host proteins for their own use. We have
lready reported that host enzymes (a protein kinase and
protease) are predicted to be involved in posttransla-
ional modification of the Hv190SV CP (Ghabrial and
FIG. 8. Gel-retardation analysis of the binding of Hv-p68 to RNA.
Binding reactions contained 59 end-labeled Hv190SV and Hv145SV
dsRNAs (100 ng) and Hv-p68 (1 mg, unless otherwise specified), and
incubations were at 30°C for 20 min. Samples from binding reactions
were electrophoresed on 1% agarose gels and the gels were autora-
diographed. (A) RNA-binding activity of Hv-p68. The migration of the
labeled dsRNA probe in the absence of Hv-p68 (lane “2”) was retarded
in the presence of Hv-p68 (lanes “1”), and the amounts of the retarded
radiolabeled probe increased with increasing concentrations of Hv-p68
(300 ng and 1 mg protein). (B) Specificity of binding of Hv-p68 to the
NA probe in the presence of molar excess of competitors. Competi-
ors used were Hv190SV and Hv145SV dsRNAs (HvV dsRNA); Bean pod
ottle virus (BPMV) ssRNA; yeast t-RNA. Incubations were carried out
n the presence or absence of 10 mg of RNase-A. Addition of unlabelled
sRNA or ssRNA (5 and 10 M excess, respectively) to the binding
ixture completely displaced binding to the radiolabeled dsRNA probe.resence of unlabeled yeast t-RNA at 250 M excess partially inhibited
inding of Hv-p68 to probe.
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188 SOLDEVILA, HAVENS, AND GHABRIALHavens, 1992; Huang et al., 1997; Soldevila et al., 1998).
We have recently shown that Hv-p68, which is detectable
as a virion-associated minor component (this study), ex-
hibits phosphotransferase/kinase activities (Ghabrial
and Havens, unpublished) and thus is a candidate pro-
tein kinase for catalyzing capsid phosphorylation
(Ghabrial and Havens, 1992).
Partial amino acid sequence analysis of Hv-p68 showed
a high degree of sequence similarity (.75%) to alcohol
oxidases from methylotrophic yeasts that belong to the
large family of flavine adenine dinucleotide (FAD)-depen-
dent glucose-methanol-choline (GMC) oxidoreductases
(Cavener, 1992). We have recently isolated and sequenced
a cDNA clone containing the full-length open reading frame
of Hv-p68 (Soldevila and Ghabrial; the sequence is depos-
ited in the GenBank databases with the Accession No.
AF232903). The sequence information revealed that Hv-p68
has all of the conserved sequence motifs corresponding to
FAD-dependent GMC oxidoreductases (Reid and Fewson,
1994; Fraaije et al., 1998; Kiess et al., 1998) and that it is
ost closely related to the alcohol oxidases of the methy-
otrophic yeasts with 72–74% similarity and 68–69% identity
Koutz et al., 1989; Sakai and Tani, 1992). Like Hv-p68, the
well-characterized members of this family have been
shown to be octamers composed of eight identical subunits
with a polypeptide subunit size of ;74 kDa (Vonck and van
Bruggen, 1990; Boteva et al., 1999).
The RNA-binding activity of Hv-p68 was confirmed by
el mobility shift experiments. Cellular proteins that bind
o viral RNA may serve as components of RDRP or may
erve to bring various regions of a viral RNA template
ogether to form transcription or replication complexes
Tanguay and Gallie, 1996; Lai, 1998). Many viral RDRPs
o not bind to viral RNA specifically or at all (Lai, 1998).
onsidering that the RDRPs of Hv145SV (encoded by a
onocistronic dsRNA, as is typical of viruses in the
amily Partitiviridae) and of Hv190SV (Soldevila and
habrial, 2000), are expressed independent of the CP,
v-p68 may serve to mediate the binding of RDRP to its
emplate RNA during virion assembly.
The cellular protein Hv-p68 appears to exhibit diverse
ctivities including RNA-binding (this study) and phos-
hotransferase/kinase activities (Ghabrial and Havens,
npublished). In this regard, glyceraldehyde-3-phos-
hate dehydrogenase (GAPDH) provides an excellent
xample for a comparable cellular protein with diverse
iological properties. GAPDH, once considered a simple
lassical glycolytic protein, is now known to display a
umber of different activities including nuclear RNA ex-
ort, DNA repair, translational control of gene expres-
ion, and phosphotransferase/kinase activities. Further-
ore, several investigations suggest GAPDH is involved
n apoptosis and viral pathogenesis (for a review, see
irover, 1999).The finding that Hv-p68 is apparently overexpressed in
irus-infected fungal isolates that exhibit the diseasedphenotype (Ghabrial, 1986) is of considerable interest.
Using Northern hybridization analysis, we have recently
shown that the levels of the Hv-p68 transcript were 10- to
20-fold higher in virus-infected isolates than in virus-free
isolates (Soldevila and Ghabrial, unpublished). Although
we do not know the identity of the substrate for the
oxidase activity of Hv-p68, the structurally similar alcohol
oxidases from methylotrophic yeasts or filamentous
fungi oxidize primary alcohols (aliphatic) or aromatic
alcohols irreversibly to aldehydes that are toxic (Reid and
Fewson, 1994; Varela et al., 1999). A buildup of such toxic
intermediates when Hv-p68 is overproduced in virus-
infected isolates may lead to the lytic/diseased pheno-
type in virus-infected H. victoriae isolates (Ghabrial,
986).
In summary, a cellular protein, Hv-p68, belonging to
he family of FAD-dependent GMC oxidoreductases was
solated from the filamentous fungus H. victoriae. We
emonstrated that Hv-p68 accumulates to higher levels
n virus-infected isolates and that it exhibits RNA-binding
ctivities. We proposed that Hv-p68, which co-purifies
ith viral dsRNA and is detectable as a minor compo-
ent of the capsid, might be involved in mediating the
inding of RDRP to its RNA template.
MATERIALS AND METHODS
ungal isolates
Three Helminthosporium victoriae isolates that differ
n their virus content were used. Isolate A-9 (ATTC
2018), a diseased isolate known to contain both
v190SV and Hv145SV (Sanderlin and Ghabrial, 1978)
as routinely used as a source for virions and Hv-p68.
he diseased isolate H. victoriae isolate 26 (Hv 26) con-
taining both Hv190S and Hv145SV was supplied by H. H.
Luke, University of Florida, and used in some experi-
ments, as indicated under Results. A single conidial
isolate of H. victoriae strain B-2 (ATCC 42020), desig-
nated B-2ss, has recently been demonstrated to be de-
void of virus (Ghabrial, unpublished) and was used as a
representative of a cured fungal isolate. The original
isolate B-2 has been reported to contain only the
Hv190SV (Sanderlin and Ghabrial, 1978). The virus-free
H. victoriae isolate 408, used in previous virus transmis-
sion studies (Ghabrial and Mernaugh, 1983), was used
as an example of naturally occurring virus-free isolate.
Purification of Hv-p68
Hv-p68 was purified from extracts of 2-week-old sta-
tionary cultures of H. victoriae isolate A-9 by the same
procedure described for purification of Hv190SV and
Hv145SV (Sanderlin and Ghabrial, 1978). The top fraction
(Tc; top component) containing Hv-p68 that banded near
the meniscus in the centrifuged sucrose gradients was
pelleted by overnight centrifugation at 45,000 rpm in a
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189CELLULAR PROTEIN CO-PURIFIES WITH MYCOVIRAL dsRNABeckman 50 Ti rotor, and the pellets were resuspended
in 50 mM Tris–HCl buffer (pH 8.0). The protein and
nucleic acids present in the Tc were analyzed by SDS–
PAGE and agarose gel electrophoresis, respectively. The
nucleic acids were ethanol-precipitated from the gradi-
ent purified Hv-p68 preparations prior to agarose gel
electrophoresis. The gradient-purified preparations of
Hv-p68 were used without further purification, unless
otherwise indicated, for all subsequent physicochemical
and functional characterizations.
Physicochemical characterization and electron
microscopy
The size of the native Hv-p68 in purified preparations
was estimated by size-exclusion chromatography using
a Phenomenex Biosep SEC-S3000 (300 3 7.8 mm) col-
umn and 0.1 M sodium phosphate buffer, pH 7.0 (at a rate
of 0.5 ml/min). Five-hundred-microliter fractions were
collected and analyzed by SDS–PAGE. Size of Hv-p68
was estimated by interpolation in a standard curve of R t
(retention time) versus molecular size established with
calibrated molecular-size protein standards. For electron
microscopy, a drop of gradient-purified Hv-p68 sus-
pended in PBS buffer (0.1 M sodium phosphate buffer, pH
7.5, containing 100 mM NaCl) was placed on a Collodion/
carbon-coated grid and negatively stained with 1% uranyl
acetate. The Hv-p68 preparation was then visualized
with a Philips EM 400 electron microscope at a magni-
fication of 3380,000.
rotein sequence analysis
For N-terminal sequencing, purified Hv-p68 was sub-
jected SDS–PAGE and the Hv-p68 band (the only major
band resolved) was transferred to an Immobilon-P (Mil-
lipore) membrane using a wet transfer apparatus (Bio-
Rad). Hv-p68 was located by Ponceau staining, and the
excised band was subjected to amino acid sequencing
by Edman degradation. For sequencing an internal pep-
tide of HV-p68, the purified Hv-p68 was digested with
sequencing-grade trypsin (Promega) at 37°C for 18 h and
the digestion products were separated by reverse-phase
HPLC on an analytical C18 column (Vydak). One highly
resolved peptide was selected for amino acid sequenc-
ing.
Antibody production and Western blotting
An antiserum to Hv-p68 was produced in a rabbit.
Gradient-purified Hv-p68 was subjected to SDS–PAGE
and the Coomassie-blue-stained band corresponding to
Hv-p68 was cut from the gel, homogenized with PBS and
Freund incomplete adjuvant, and the resulting suspen-
sion was used for injection. Four subcutaneous injec-
tions of ;100 mg Hv-p68 were administered at 2-week
intervals. Western blotting was performed as described
by Huang et al. (1997). nIsolation of viral dsRNAs and Northern analysis
Mycelia from 12-day-old stationary cultures of isolates
A-9, B-2ss, and 408 were powdered in liquid nitrogen.
The powdered mycelia were resuspended in STE buffer
(10 mM Tris, pH 8.0, 100 mM NaCl, 1 mM EDTA; at 5
ml/0.1 g dry mycelia) containing 1% w/v SDS, and ex-
tracted with phenol/chloroform/isoamyl alcohol (25:24:1).
The aqueous phase was re-extracted with chloroform/
isoamyl alcohol and ethanol-precipitated in the presence
of 7.5 M ammonium acetate. The nucleic acids were
pelleted and resuspended in DEPC-treated water and
digested with RQ1-RNase-free DNase (Promega; in 50
mM Tris, pH 8.0, 10 mM MgCl) and RNA was precipitated
overnight at 4°C in 4 M LiCl. The precipitant was pelleted
and, the pellet washed with 70% ethanol, air dried, and
resuspended in DEPC-treated water. The RNA prepara-
tion was then precipitated by addition of half-volume of
isopropanol followed by addition of half-volume of 1.2 M
sodium citrate, 0.8 M NaCl. The RNA was pelleted, and
the pellet washed repeatedly with 70% ethanol, air dried
and resuspended in DEPC-treated water. Approximately
25–30 mg RNA preparation was electrophoresed on a
.2% agarose/TBE gel for 5–7 h (at 80 V). The gel was
re-treated by soaking in 0.1 M NaOH for 20 min followed
y soaking in 0.1 M Tris, pH 8.0, for 20 min, and the RNA
as transferred by capillary action to a Hybond N nylon
embrane (Amersham) in 103 SSC buffer. Prehybridiza-
ion and hybridization were performed under high strin-
ency conditions in a hybridization solution (53 Dern-
ardt’s, 63 SSC, 20 mM Tris, pH 7.5, 0.5% SDS) contain-
ng 50% formamide for 14–16 hr at 42°C. The RNA blots
ere probed with 32P-labeled probes prepared by ran-
om-primer labeling of gel-purified fragments of cloned
DNAs to the Hv190SV and Hv145S dsRNAs.
adiolabeled dsRNA probes for use in gel-retardation
ssays
Radiolabeled dsRNA was prepared by 59-end labeling
f Hv190SV and Hv145SV dsRNAs isolated from purified
irions. The purified dsRNA was resuspended in DEPC-
reated water, and 2 units of calf-intestine alkaline phos-
hatase (CIAP; BRL) was added and the mixture incu-
ated at 37°C for 60 min. Following phenol/chloroform
xtraction and ethanol precipitation, the dsRNA was re-
uspended in DEPC-treated water and end-labeled with
4 polynucleotide kinase (BRL) in the presence [g-32P]-
TP at 37°C for 30 min. The kinase reaction was stopped
y heating at 65°C for 15 min and, the unincorporated
adiolabel was removed by gel filtration using a Micro
io-Spin column (BioRad).
el-retardation assaysRNA-binding reaction mixtures (20 ml) contained 100
g of 59 g-32P end-labeled dsRNA and 1 mg purified
190 SOLDEVILA, HAVENS, AND GHABRIALHv-p68 in binding buffer (50 mM Tris–HCl, pH 8.0, 100
mM NaCl, 10 mM MgCl2). To examine the specificity of
RNA-binding, competitor nucleic acids were added in
molar excess directly to standard binding-reactions, 1–5
min prior to addition of the radiolabeled RNA. Test com-
petitors included yeast t-RNA (500 ng; Sigma), nonla-
beled 190S and 145S dsRNAs (500 ng), Bean pod mottle
virus RNA (500 ng). Binding reactions containing 10 mg of
RNase-A were set-up and incubated under identical con-
ditions. Reaction mixtures were incubated at 30°C for 20
min, then placed on ice and loaded with sample loading
buffer (5% glycerol, bromphenol blue dye, in water) onto
1% agarose/TBE gel. After electrophoresis at 70 V for 2–3
h, the gel was dried and autoradiographed.
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